As a natural and low-cost material, glauconite is applied as an adsorbent to remove Th 4+ The retained metals are eluted by using different reagents. The preconcentration could be made selective to UO 2 2+ ions by using HNO 3 0.1 M, NaCl 0.9 M and oxalic acid 0.1 M rather than Th 4+ ions.
The retained metals are eluted by using different reagents. The preconcentration
Introduction
Long lived radionuclides in radioactive waste are considered to be dangerous pollutants and their migration by ground water is strongly affected by their adsorption on the geologic materials. Presence of radionuclides and toxic metals in wastes is a major environmental concern. Such wastes arise from technologies producing nuclear fuels, and from laboratories working with radioactive materials 
2.Materials and Methods

Instrumentation
Brucker X-ray diffraction (Axs D8 advance Cu-Kα radiation (= 1.5406 Å) with a typical scanning begin at 2θ equal to 20˚ to 80˚ and scan rate of 20 min -1 , Germany) is used for the identification of different phases that composed the adsorbent materials used. Panalytical Axios Advanced X-Ray Fluorescence, Netherland was used. All spectrophotometric determinations are carried out using UV-vis spectrophotometer 160A Shimadzu, Japan (± 0.005 A). The pH meter measurements are made by Jenco 6173 model.
Chemicals and reagents
All the chemicals used are of analytical reagent grade(Sigma-Aldrich, Riedelde Haen AG, Germany) are used for preparation of thorium and uranium. 
Sorption experiments
The sorption experiments are studied by a batch technique. 
where C o and C e are the initial and equilibrium metal ion concentrations in the solution (mg/L), respectively. V is the volume of the aqueous solution (mL) contacted with glauconite and m is the mass of glauconite in grams.
Sorption isotherms
The adsorption isotherms are mathematical models that describe the distribution of the adsorbate species among the liquid and the adsorbent based on a set of assumptions that are mainly related to the heterogeneity/homogeneity of adsorbents, the type of coverage, and the possibility of interaction between the adsorbate species. The most common types of models describing the sorption process are the Langmuir and Freundlich models. Total sorption capacity of the adsorbent material is determined by shaking 50 mL containing different concentrations of metal ion from 50 to 250 mgL -1 , 0.1 g glauconite, pH 3 ± 0.1 for both metals at 70 ± 1 o C.
Langmuir isotherm
Langmuir isotherm describes monolayer adsorption based on the assumption that all the adsorption sites have equal adsorption affinity. The linear form of Langmuir isotherm is given as the following equation (Bhattacharya et al., 2008) .
where q e is the amount of metal ion sorbed per unit weight of adsorbent material 
where C o is the highest initial metal ion concentration (mg/L). The value of R L indicates the type of isotherm to be irreversible ( log q e = log k + (1/n) log C e (5) where q e is the amount of metal ion sorbed per unit weight of adsorbent material (mg/g), k is constant indicative of the relative sorption capacity of adsorbent material (mg/g) and 1/n is the constant indicative of the intensity of the sorption process and C e the equilibrium concentration of the metal ion in the equilibrium solution (mg/L). The numerical values of the constants k and n are computed from the slope and the intercept of the straight line when a plot of log q e versus log C e is constructed.
Freundlich isotherm
Thermodynamics studies
The thermodynamic parameters of the adsorption process are obtained from sorption experiments at various temperatures. It is essential to examine the influence of the sorption on glauconite with the change of thermodynamic parameters. The influence of temperature variation on the sorption of UO 2 2+ and Th 4+ ions on glauconite from aqueous solution is examined using 0.1 g glauconite in 50 mL of 100 mg/L metal ion from 303 to 343 K at pH 3 ± 0.1.
Desorption studies
From the regeneration point of view, the stability of adsorbent is of crucial importance and the adsorbed metal ions should be easily desorbed without destroying the adsorbent under the operation conditions. Various types of reagents including nitric acid, hydrochloric acid, sulfuric acid, oxalic acid and sodium chloride are examined as striping agent. 50 mL of striping agent acids are shaken with certain amount of adsorbent material loaded with metal ion. The stripping percentage is calculated as follows (Ilaiyaraja et al., 2013):
where C ○ is the concentration of the metal ion on the adsorbent material surface and C is the concentration of the metal ion in the desorptive reagent after definite time.
Results and Miscussion
Glauconite characterization
X-ray study
The chemical analysis of two samples of glauconite (dark green and light green color) are listed in Table 1 . The chemical analysis showed that the main constituents of glauconite are silica, alumina and iron oxides. The X-ray diffraction studies are carried out for two samples of glauconite (dark green and light green color) as shown in Fig. 1 
Sorption parameters
The parameters which may affect the uptake of UO 2 2+ and Th 4+ ions by glauconite (dark green), such as pH, shaking time, initial concentration of metal ion, sorbent mass, interfering ions, and temperature are investigated.
Effect of initial pH
The pH of the aqueous solution is an important parameter that influences the metal ion speciation and total surface charge on adsorbents ( Also, Fig. 4 
Effect of shaking time
The effect of shaking time on the sorption process is studied using 0.1 g glauconite with a 50 mL containing 100 mg/L of the metal ion adjusted to pH 3 ± 0.1 and shaken at room temperature for different times ranging from 1 to 30 min.
The results obtained are represented in Fig. 3 . which reveal that the uptake percentage increased with time till the equilibrium is reached. The equilibrium time was 5 min for both elements.
Effect of initial concentration of ion
The effect of the initial concentration of uranium and thorium on the sorption equilibrium rate is studied by contacting a fixed weight of glauconite 0.1 g at room temperature and initial pH 3 ± 0.1 with initial concentrations ranging from 50 to 250 mg/L in 50 mL of UO 2 2+ or Th 4+ ions aqueous solutions and shaken for 5 min.
From the obtained results shown in Fig. 4 . it was observed that by increasing the initial metal ion concentration the uptake percentage of both elements decreased.
The poorer uptake at higher metal concentration is resulted due to the increased ratio of initial number of moles of metal ions to the vacant sites available. For a given adsorbent dose the total number of adsorbent sites available is fixed thus adsorbing almost the equal amount of adsorbate, which resulting in a decrease in the removal of adsorbate, consequent to an increase in the initial metal ion concentration. The higher uptake percentage of thorium compared with that of uranium is due to ion diameter influenced the sorption efficiency as it appeared that uranium binding was lower than that of thorium probably because of the steric hindrance caused by two oxygen atoms bound to uranium. Steric hindrance could result from the ionic charge (radii/ionic charge; UO 2 2+ : 253 pm/2, Th 
Effect of adsorbent mass
Effect of adsorbent mass on the sorption process of the investigated metal ions is studied. The results obtained are represented in Fig. 5 . This is studied by taking 50 mL containing 100 mg/L of metal ion adjusted at pH 3 ± 0.1 for each element and shaken for 5 min at room temperature with different amounts of glauconite ranging from 0.02 to 0.8 g. It is clear that the uptake percentage of both metal ions increased with increasing the amount of adsorbent due to increasing number of sorbent particles in the solution that allows more metal ions to interact with more binding sites till constant at 0.3 g for Th 4+ ions and 0.6 g for UO 2 2+ ions. 
Effect of temperature
Effect of temperature on the sorption process of the investigated metal ions is shown in Fig. 6 . This effect is carried out using 0.1 g of glauconite with 50 ml of metal ion concentration of 100 mg/L at pH 3 ± 0.1 for both elements and 5 min shaking time, the temperature is varied from 30 to 70 °C. It is found that the uptake percentage of both metal ions increased with increasing temperature.
The increase of uptake percentage with rise of temperature may be due to the increase of number of reacting moles having excess of energy which leads to the increase of sorption rate, also the rise of temperature leads to an increase of the rate of mass transfer of the diffusion and ratio of sorption. Fig. 6 . Variation of the uptake percentage with temperature for UO 2 2+ and Th 4+ ions sorption on glauconite.
Effect of interfering ions
Effect of interfering ions such as calcium chloride, sodium chloride, sodium acetate, and oxalic acid on the sorption process of the investigated metal ions are shown in Figs. 7, 8, 9 , and 10, respectively. This effect was carried out using 0.1 g of glauconite with 50 mL of metal ion concentration of 100 mg/L at pH 3 ± 0.1 for both elements with different concentration of interfering ions, 5 min shaking time at room temperature.
Interfering anions e. might be related to complex formation between metal ion and anions, so the mechanism of sorption changed.
Interfering cation e.g Ca 2+ had significant effect on sorption of UO 2 2+ and Th 4+ ions due to competition of these ions with the tested ions for sorption sites, but Na + did not affect on Th 4+ ions sorption due to the change in ionic radii (Shannon, 1976). 
Sorption isotherms
The parameters and correlation coefficient of Langmuir and Freundlich equations obtained from the plot in the Fig. 11 and Fig. 12 are displayed in the Table   2 . It can be seen from the The plot of ln K d against 1/T is shown in Fig. 13 . Table   3 .
In fact, the positive value of enthalpy change ∆H o for the processes further confirms the endothermic nature of the process, the positive entropy of sorption ∆S o reflects the affinity of the adsorbent material towards both elements.
It is clear that the free energy for both elements adsorptions is negative indicating the feasibility of the process and its spontaneous nature without an induction period. 
Desorption studies
Desorption studies are conducted mainly for regenerating and reusing the adsorbent materials over a number of cycles. In the present study, different reagents with different concentration from 0.1 to 4 M such as HCl, HNO 3 , H 2 SO 4 , 0.1 M for oxalic acid and 0.9 M for NaCl are used as desorbing agents. At low concentration of acids, there wasn't loss in adsorbent material but, increasing the concentration of acid at 4 M may lead to dissolve the adsorbent material to 4%.
The metal ion loaded glauconite (dark green) is placed in the desorbing solution and is kept shaking for 10 min, as an equilibrium time. After the experiment, the suspension is filtered and analyzed to estimate the metal ion concentration. Figs. 14 , 15 and 16 show the dependence of desorption on acid concentration. When the conc. of acids increased, the striping percentage increased till constant at 1.5 M for
HCl and 3 M for HNO 3 and H 2 SO 4 which might be due to the exchange of sorbed metal ion with acidic proton.
Desorption is found to be changed from 0.00% for Th 4+ ions to 53.3% for UO 2 2+ ions loaded adsorbent when the concentration of oxalic acid was 0.1 M, and desorption is found to be changed from 0.00% for Th 4+ ions to 38% for UO 2 2+ ions loaded adsorbent when the concentration of NaCl was 0.9 M. (VIII) The adsorbed metal ions can be eluted using HCl, H 2 SO 4 , and HNO 3 .
